The optical nerve cuff electrode was fabricated following these procedures ( Fig. S1 ): first, the PDMS mold was designed to construct the cylindrical flexible waveguide substrate. Subsequently, two platinum foil electrodes were placed on the metal rod (1 mm diameter, stainless steel) with approximately 2/3 of the circumference of the metal rod. The electrodes were positioned 4 mm apart (Fig. S1a) . The platinum foil electrode used had a wire interconnected to preamplifier to record the neural activity. Next, the metal rod was positioned on the PDMS mold in alignment with the central axis. PDMS was poured over the space between the metal rod and the PDMS mold and then cured at 90 °C for 3 h (Fig. S1b) . Subsequently, the cured PDMS structure was released from the PDMS mold. The light-reflecting metal was adhered to the outside of the cured PDMS structure and covered with a 0.01 mm PDMS layer. Subsequently, the cuff opening was manually created using a slit/cut on the cured structure with a 1 mm gap. A micro-LED was mounted on the side of the cured structure (Fig. S1c) . Finally, the metal rod was carefully removed in an ultrasonic water bath. Fig. S1 . Schematic of the fabrication of the optical nerve cuff electrode.
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Verification of the optical nerve cuff electrode
Saline tank experiments were performed to verify the performance of the optical nerve cuff electrode. These experiments were a modification of those from a previous study 1, 2 (Fig. S3) . The source generator representing the neural signal applied to two Pt electrodes inside the saline solution (0.9% NaCl) provided 1 kHz sinusoidal signals with a 10 μV peak. The optical nerve cuff electrode was also immersed in the saline solution and connected to a neural signal amplifier system modified from previous works 3 . The neural signal voltage was measured under optical stimulation to verify the performance of the simultaneous neural signal recording and optical stimulation. The light current provided 1 mA peak and 50 Hz square pulses to illuminate the optical source. The electrical stimulation provided 100 μA peak and 100 μs biphasic pulse through two Pt electrodes generated from the neural signal voltage. The effects on the neural signal recording between the optical and electrical stimulation were then compared. H&E staining image of the sciatic nerve during a 10 Hz repeated optical stimulation using the proposed optical nerve cuff electrode.
